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Exploitation	rate	was	<0.5	for	P. grandisquamis and	0.8	for	U. halleri,	which	was	greater	than	the	value	suggested	for	
a	healthy	stock	(E	≤	0.5).	According	to	the	high	mortality	and	exploitation	rates	estimated,	it	is	concluded	that	shrimp	
trawl	fishery	represents	a	risk	for U. halleri but	not	for P. grandisquamis.
Key words:	Bycatch,	growth,	Gulf	of	California,	mortality,	trawl.
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in	 120	 countries	 where	 Mexico	 ranks	 tenth	 with	 63,621	 tons	 of	
average	 annual	 production	 (Gillett,	 2010).	 In	 Mexico	 shrimp	 is	
the	most	important	resource	in	terms	of	value,	exports,	and	jobs	
(SAGARPA-CONAPESCA,	2012).	However,	one	of	the	main	prob-















more	 than	 250	 non-target	 species	 including	 fish,	 crustaceans,	
and	mollusks.	The	fish	group	is	the	most	abundant	with	more	than	
70%	of	the	total	catch	(Rábago-Quiroz	et al.,	2012),	among	which	
15	 dominant	 species	 represent	 55%	 or	 more	 of	 fish	 abundance	




tínez	et al.,	 2010)	 that	are	probably	overexploited,	but	 their	high	
capture	volumes	have	not	been	investigated.
These	 dominant	 species	 are	 biologically	 and	 ecologically	
important	in	the	benthic-demersal	ecosystem	and	could	provide	
relevant	information	about	ecosystem	changes	(Pope	et al.,	2000;	
López-Martínez	et al.,	 2010),	but	 they	have	been	poorly	studied.	
Therefore,	 it	 is	 necessary	 to	 assess	 them	 to	 understand	 their	
population	dynamics.




















































standard	 criteria	 (Box	 et al.,	 2008).	 Samples	 were	 labeled	 with	
particular	data	for	each	trawl	and	frozen	(−20	°C)	until	processing	
in	 the	 laboratory.	 Identification	and	processing	of	 the	biological	
material	were	performed	in	the	fisheries	and	ichthyology	labora-
tories	of	Centro	de	Investigaciones	Biológicas	del	Noroeste,	S.C.	
(CIBNOR)	 in	 La	 Paz,	 Baja	 California	 Sur	 and	 in	 the	 Sonora	 Unit	
Campus	Guaymas.
Pseudupeneus grandisquamis and	U. halleri	were	separated	
from	the	bycatch,	and	the	species	taxonomic	 identification	was	
performed	using	keys	and	descriptions	by	Jordan	and	Evermann	




(W;	 ±0.1	 g)	 were	 taken.	 These	 data	 were	 used	 to	 calculate	 the	
total	length-weight	relationship	(TL-W)	varying	the	logarithmic	of	















A	 tentative	 initial	L∞	value	was	 found	by	 the	Powell-Weth-
erall	 method	 (Powell,	 1979;	 Wetherall	 et al.,	 1987).	 With	 this	 L∞	
value,	Shepherd´s	method	 (NSLCA)	was	used	 to	estimate	 the	K	
value	 (Shepherd,	 1987;	 Pauly	 &	 Arreguín-Sánchez,	 1995).	 New	
final	estimates	of	K	and	L∞	were	made	using	the	ELEFAN	I	meth-
od,	 included	 in	 the	 FISAT	 software	 (Gayanilo	 et al.,	 1995).	 The	
parameter	 was	 obtained	 by	 Pauly’s	 empirical	 equation	 (Pauly,	
1980).
Longevity	 was	 estimated	 as	 tmax=	 3/K	 +	 t0	 (Taylor,	 1962),	
where	tmax	is	 longevity	(year);	 the	other	parameters	have	been	











been	 described	 earlier	 (Pauly,	 1980);	 and	 (2)	 Jensen´s	 equation	
(Mj	=	1.5*K),	where	K =	instantaneous	growth	rate	(Jensen,	1996).
Total	 mortality	 rate	 (Z)	 was	 estimated	 by	 the	 linearized	
length-converted	 catch	 curve,	 Ln (Ni/Dti)	 =	 a	 +	 bti,	 where	 Ni	 is	
the	number	of	fish	in	length	class	i;	Dti	is	the	time	needed	for	the	
fish	to	grow	through	length	class	i;	t is	the	relative	age	where	mid-
length	 is	reached	 in	class i;	and	b	 is	an	estimate	of	Z	 (Gayanilo	




































and	 11.1	 years	 of	 longevity	 for	 this	 species.	 The	 instantaneous	
natural	mortality	(M)	obtained	for	U. halleri	was	0.6	year−1	using	
Pauly’s	 equation,	 which	 indicated	 moderate	 natural	 mortality,	
while	Jensen’s	equation	gave	lower	values	(Table	1).	Total	mor-
tality	rate	(Z),	by	fishing	(F),	and	exploitation	rate	(E)	showed	high	
values	 	using	 both	 Pauly’s	 and	 Jensen’s	 mortality	 values	 (Table	





Figure	4.	Growth	curve	of	 (a)	Pseudupeneus grandisquamis	and	 (b)	Urobatis halleri	 from	 the	Gulf	of	California	 in	 the	 fishing	
season	2004/2005.

















(100-200	 mm),	 but	 the	 larger	 ones	 can	 escape	 due	 to	 slow	 drift	
velocity	(Balmori-Ramírez	et al.,	2003).	On	the	other	hand,	the	su-
ripera	net	is	more	selective	allowing	small	sizes	to	escape.
Fish	 growth	 is	 generally	 isometric,	 and	 P. grandisquamis	
showed	this	growth	pattern	in	our	study.	Our	result	is	consistent	
with	that	reported	by	Aguirre	et al.	 (2007)	 for	 the	same	species.	
However,	 Lucano-Ramírez	 et al.	 (2006)	 reported	 this	 species	
growth	 as	 allometric.	 The	 difference	 could	 be	 due	 to	 stomach	
weight	(filling)	and	maturity	stage	(gonad	sizes)	of	the	organisms	
at	the	time	of	capture	(Ricker,	1995).
Growth	 parameters	 are	 important	 elements	 in	 fish	 biology	
studies	and	of	other	organisms	because	their	determination	and	
incorporation	 in	 analytical	 models	 for	 stock	 assessment	 allow	




years)	 and	 accelerated	 growth	 of	 these	 organisms	 (more	 than	
50%	with	respect	of L∞ in	their	first	year).	Our	results	differ	from	
those	reported	by	Morales-Nin	(1994),	where	she	obtained	lower	
values	 of	 L∞	 and	 higher	 values	 of	K	 for	 the	 same	 area	 (Sinaloa	
and	Nayarit).	The	reason	could	have	been	the	capture	of	medium	
and	 large	 sizes	 and	 none	 small	 size	 (70-240	 mm),	 which	 could	










publications	 about	 natural	 mortality	 rate	 (M)	 for	 P. grandisqua-













those	 reported	 by	 Valadez-González	 et al.	 (2001)	 for	 the	 same	
species	(120-550	mm	in	TL),	and	even	though	both	samples	were	
collected	 with	 shrimp	 trawls,	 the	 difference	 may	 be	 due	 to	 the	
area	where	they	were	obtained	(Jalisco	and	Colima).	The b	value	










The	 instantaneous	 growth	 coefficient	 estimated	 (K	 =	 0.27	
year−1)	indicated	slow	growth	for	the	species;	a	similar	value	(0.09	
to	0.15)	has	been	reported	by	Hale	&	Love	(2008);	however,	it	gen-










P. grandisquamis U. halleri
Parameters Mp	=	1.73 Mj	=	1.35 Mp	=	0.6 Mj	=	0.4
F 0.16 0.54 1.96 2.16
Z 1.89 1.89 2.56 2.56






























eration	 and	 support	 of	 the	 shrimp	 fleet	 of	 Sonora,	 especially	 to	
Pesquera	Hansen,	Pesquera	Delly,	and	Pesquera	México.
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